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Description 

The present invention relates to a coating composition for preventing rust or rust stain. More particularly, it relates 
to a coating composition for preventing rust or rust stain for e.g. steel structures such as tanks, bridges, vehicles, ships 
or plants, metal products such as electronic devices or steel household equipments, and usual buildings. 

Heretofore, it has been common to apply to steel structures or metal products a multi-layered coating film formed 
by a combination of a rust preventive underrating material containing a lead-type rust preventive pigment such as min- 
ium, litharge or lead cyanamide, a chromate compound such as zinc chromate or strontium chromate, or a phosphate 
compound such as zinc phosphate or aluminum phosphate, and a top coating material for clean finish which contains 
no such rust preventive pigment. 

Such a rust preventive undercoating material has an effect of slowing down the corrosion speed of the substrate 
metal, but has no substantial effect of preventing rust which forms at pinholes or scratch marks of the coating films. 
Accordingly, rust once formed, will dissolve and run with rain water or condensed water, or with splashed sea water in 
the case of ships or steel structures built along sea shores, to stain the surface of the top coating film with a brown color 
and thus to spoil the appearance of the coating film. Thus, with such a conventional combination of an undercoating 
material and a top coating material, staining of the coating film due to rust has been likely to result. 

For the purpose of preventing staining of a coating film due to rust, Japanese Unexamined Patent Publication No. 
219273/1983 proposes a rust preventive coating material having a salt made of a polyvalent metal cation such as cal- 
cium and an organic polyphosphonic acid incorporated. However, even if such a salt is incorporated, no adequate effect 
for preventing rust stain can be obtained if the amount is small. Not only that, there has been a fatal problem that if such 
a salt is used in a large amount, not only the rust preventive effect decreases, but also blistering is likely to form in the 
resulting coating film. Further, there has been a problem that it is difficult to finely pulverize such a salt, whereby it takes 
a long time for kneading for dispersion. 

Further, Japanese Unexamined Patent Publication No. 174474/1991 discloses a coating composition containing a 
powder of an amine salt compound of an organic polyphosphonic acid. However, such a powder is used in combination 
with a rust preventive pigment to improve the rust preventive effects, and there has been a problem that such a compo- 
sition is not suitable for use for a long period of time. 

It is an object of the present invention to provide a coating composition which is capable of not only preventing rust 
of steel structures but also changing brown rust formed at defective portions of the coating film to a colorless substance 
so that a good appearance can be maintained. 

To solve the problems of the prior art, the present inventors have conducted extensive studies for a coating material 
which has a rust preventive property equal to conventional rust preventive coating materials and which is capable of 
protecting the coating film surface from staining due to rust over a long period of time. As a result, it has been found that 
by incorporating a compound obtained by reactino jn amino resin with an organic polyphosph onic acid, to a coating 
composition comprising a binder resin, a sdtv^nTITfnier, a coloring pigment and various additives, and coating such a 
composition, it is possible to prevent rust of steel structures and at the same time to change brown rust which forms at 
scratch marks or pinholes in the coating film, to a colorless substance so that a good appearance can be maintained. 
Further, it has also been found that the coating composition containing the compound obtained by reacting the amino 
resin with the nrfpnir pniyphfl^pnirr flfljfi is capable of preventing rust of steel structures even without using any par- 
ticular rust preventive pigment, whereby environmental pollution by a rust preventive pigment can be avoided. 

Thus, the present invention provides a coating composition which contains a compound hereinafter referred to as 
an organic polyphosphonic acid-modified amino resin or simply as a modified amino resin) obtained by reacting an 
amino resin with an organic polyphosphonic acid, together with usual components such as a binder resin, a solvent, a 
filler, a coloring pigment and various additives. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 

The organic polyphosphonic acid-modified amino resin to be used in the present invention, is a compound obtained 
by reacting an amino resin with a polyphosphonic acid having at least two phosphonic acid groups per molecule. 

Firstly, preferred examples (1) to (5) of the organic polyphosphonic acid to be used in the present invention will be 
given below. 

(1) A hydroxy-alkylidene-U-diphosphonic acid of the formula (i): 

R 1 -C(OH) [PO(OH)2] 2 (i) 

wherein R 1 is a monovalent organic-group, preferably a C|. 12 alkyl group. Particularly preferred is ethydronic acid 
wherein R 1 is a methyl group. 

(2) An amino compound having two methylenephosphonic acid groups, of the formula (ii): 



R 2 -N[CH 2 PO(OH) 2 ] 2 



(ii) 



1 ) 

EP0 763 574A2 : 

wherein R 2 is a monovalent organic group, preferably an alkyl group such as a n-propyl group, an isopropyl orouo 
a butyl group or a hexyl group. ~ M ' 

(3) An alky1enediaminetetra(methylenephosphonic acid) of the formula (iii): 

[(OH)20PCH2]2N-R 3 -N[CH 2 PO(OH) 2 ] 2 

Wh ^! in *t iS 3 3lkylene ThiS com P° und is Particularly preferably ethy1enediaminetetra(methyl- 

enephosphonic acid) or hexamethylenediaminetetra(methylenephosphonic acid). 

(4) An amino-tris(methylenephosphonic acid) of the formula N[CH2PO(OH) 2 ] 3 

(5) A dialkylenetriaminepenta(methy)eneph6sphonic acid). This compound is particularly preferably diethylenetri- 
ammepenta(methylenephosphonicacid). 1 

on J?! amin0 r6Si !l I 0 ? 6 reaCted With thS ° r9aniC Po'yPhosphonic acid may. for example, be an addition compound of 
an ammo compound (a) and an aldehyde compound (b). or a condensate of such an addition compound, or apartially 
or comp etely etherrf,ed amino resin obtained by cocondensing said addition compound or its condensate together with 
ai>i.4 alcohol (c). 

Such amino resins may. for example, be obtained by carrying out addition reaction of an amino compound (a) with 

J"*? yde C °T^ { ) the PreS6nCe 01 3 b3SiC catalyst and then " if necessary, carrying out a condensation reac- 
tion and an etherrf.cat.on reaction under an acidic condition by an addition of an acid catalyst in a C, 4 alcohol (c) The 
reaction is earned out preferably at a temperature of from 60 to 150'C for from 0.5 to 10 hours. The molecular weight 
of the ammo resin is usually from 1 00 to 3000. preferably from 200 to 1 000. 

Preferred examples of the amino compound (a) include urea, melamine, acetoguanamine. benzoguanamine 
cyclohexane carboguanamine. steroguanamine and spiroguanamine. These compounds may be used alone or in com- 

a-nZr 5 ? 7 aU ? °Ii?"° r T 6 ° f th6m - Am ° ng 1,1868 amino com P° u "ds (a), urea, melamin and benzoguanamine 
are particularly preferred from the viewpoint of costs, crosslinking properties, etc 

Preferred examples of the aldehyde compound (b) include formaldehyde, paraformaldehyde, acetaldehyde propi- 
onaldehyde. butyraldehyde and glyoxal. These compounds may be used alone or in combination as a mixture of twoor 

6m ' £ m ° n9 the$e aWehyde com P° nents formaldehyde, paraformaldehyde and glyoxal are particularly 
preferred from the viewpoint of costs and reactivity. 

The C M alcohol (c) is used to stabilize the reaction product of the amino compound with the aldehyde compound 

TO? f u f 16 alCOh °' (C) inC,Ude metyl alCOh01 ' 8,hyl alcoho1 - n -P r °Py' alcoho1 - ^opropyl alcohol, n-butyl 
alcohol, isobutyl alcohol, sec-butanol and tert-butyl alcohol. These alcohols may be used alone or in combination as a 
mixture of two or more of them. Among these alcohols (c). n-butyl alcohol, isobutyl alcohol, isopropyl alcohol and metvi 
alcohol are particularly preferred from the viewpoint of the reactivity, costs, etc. 

The method for producing the modified amino resin to be used in the present invention, is not particularly limited 
However. ,t may be produced, for example, by reacting the above amino resin with the organic polyphosphonic acid 
while dropw.se adding the organic polyphosphonic acid to the amino resin in a polar solvent such as water hot water 
or an alcohol. In such a case, it is preferred to add water in an amount of from 0.1 to 100 times the total weight of the 
amino resin and the organic polyphosphonic acid. 

The reaction of the amino resin with the organic polyphosphonic acid is an acid-base neutralization reaction and 
when they are reacted while being mixed at a reaction temperature of from 10 to 120°C for from 30 minutes to 5 hours 
their salt will be formed in the solution. This salt is purified, dried and. if necessary, concentrated for use as the modified 
ammo resin of the present invention. The proportions of the amino resin and the organic polyphosophonic acid for reac- 
tion are preferably such that the amino resin is from 0.5 to 5 mols per one equivalent of a phosphonic acid group 

There is no particular problem when a product coated with the coating composition of the present invention, is used 
indoors. Whereas, when such a product is used outdoors or when the coating composition is applied to outdoor struc- 
tures, it is advisable to adjust the solibility of the modified amino resin in water to a level of at most about 5 g/100 ml 
Because, when the modified amino resin is hardly soluble, the amount which will be lost from the coating film by e a 
ram water, will be small, whereby the effects for preventing rust or rust stain will be maintained for a long period of time 

The organic polyphosphonic acid-modified amino resin of the present invention is incorporated usually in an 
amount of from 2 to 75 wt%. preferably from 5 to 50 wt%. in the solid content of the coating material. If the amount of 
the modrfied ammo resin is less than 2 wt%, the effects of preventing rust stain tend to be inadequate, and if it exceeds 
75 wt%. the drying property tends to substantially deteriorate, whereby there will be a delay in attaining the desired level 
of the coating film properties. 

As mentioned above, the coating composition of the present invention employs components of usual coating com- 
positions except that the organic polyphosphonic acid-modified amino resin is incorporated 

As the binder resin, an acrylic resin, an alkyd resin, a vinyl chloride/vinyl acetate copolymer resin, an oil free poly- 
es el resia a fluorine resin, a silicone resin, an epoxy resin, an unsaturated polyester resin, a polyurethane resin or a 
chlorinated rubber resin may. for example, be mentioned. These resins may be used alone or in combination as a mix- 
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.Sol^^^^ 

As the solvent, an aromatic hydrocarbon solvent, an alcohol solvent, a glycol ether solvent a olvcol ether ^ 
vent a ketone solvent, an ester solvent or water, may. for example, be mentioned * S °'' 

The coating composition of the present invention may be coated direetiv nn m*t a i « u , 

Now. the present invention will be described in further detail with reference to Preraratinn c am „i M « ,u ^- 
PREPARATION EXAMPLE 1 



40 




PREPARATION EXAMPLE 2 

55 0< a amjOQ resin from amino trisfmethy1 PnP phosnhonic gcidland a mejamine^^ addition 

Into a flask equipped with a stirrer and a reflux condenser, 2500 parts of deionized watpr 1 ?fi r**^ m i • 
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ylenephosphonic acid) ("DICEST #2000". tradename, manufactured by Monsant Japan) was dropwise added thereto 
over a period of 30 minutes with stirring, and stirring was continued for one hour at 100°C. The mixture was cooled to 
room temperature, and a formed white resin precipitate was washed with deionized water repeatedly until the oH 
became neutraL After the filtration, the precipitate was dried at 1 io«C to obtain a modified amino resin B as a white 
resin powder. The yield was 97.4%. 



PREPARATION EXAMPLE 3 

Preparation of a modified amino resin from 1 -hydroxy ethvlidene-l 1 -dinh p sohonic arid anH a melamins-alriPhy rtP addi- 
tion condensate ~ " ' 

, fl !!lT PPed with stirrer and a reflux condenser. 2500 parts of deionized water. 126 parts of melamine 

manufactjred by Katayama Kagaku KK) and 75 parts of 80% paraform were charged, then heated to 100«C and main- 
tamed at that temperature for 30 minutes to obtain an aldehyde addition condensate of melamine. Then 1 72 parts of a 
60% aqueous solution of 1-hydroxyethylidene-1,1-diphosphonic acid ("DICEST #2010". manufactured by Monsant 
Japan) was dropw.se added thereto over a period of 30 minutes by means of a dropping funnel, with stirring, and then 
stimng was continued for one hour at 100'C. The mixture was cooled to room temperature, and a formed white resin 
precipitate was washed with deionized water repeatedly until the pH of the filtrate became neutral. After the filtration 
the product was dried at 1 10°C to obtain a white resin powder (modified amino resin C). The yield was 97.4%. 

PREPARATION EXAMPLE 4 

ZTSZT ^ * min ° fr0m 1 ^ > ^ a W-1 J<liphQfiphon ic acid and a hpn.n nuanaming aid*. 

Into a flask equipped with a stirrer and a reflux condenser. 2500 parts of cellosolve solvent. 187 2 parts of benzo- 
K U3 !!!! T ! ine ciT UfaCtUred by Nipp0n Shokubaika 9a k " Kogvo KK) and 37.5 parts of 80% paraform were charged then 
heated to 50°C and maintained at that temperature for one hour to obtain an aldehyde adduct of benzoguanamine 
men. 172 parts of a 60% aqueous solution of 1-hydroxyethylidene-1.1-diphosphonic acid ("DICEST #2010" trade- 
name manufactured by Monsant Japan) was dropwise added over a period of 30 minutes by means of a dropping fun- 
nel, with stirring, and stirring was continued at 50°C for one hour. Further. 1000 parts of deionized water was added 
thereto, and the mixture was cooled to room temperature. Then, a formed white resin precipitate was washed with 
de.on.zed water repeatedly until the pH of the filtrate became neutral. After the filtration, the product was dried at 1 10°C 
to obtain a white resin powder (modified amino resin D). The yields was 98.3%. 

PREPARATION EXAMPLE 5 

Preparation of a compound of 1-hyd ro x ye t hvli de ne-l .l-dtohosp hnnic acid with a miming r ^,n 

Into a flask equipped with a stirrer and a reflux condenser, 500 parts of butyl cellosolve was charged Then 320 
parts of a 80% aqueous solution of a methylated melamine resin ("SUMIMAARU M40W". tradename, manufactured by 
Sumitomo Chem.cal Co..Ltd.) was dissolved therein with stirring. This solution was heated to 80»C. and 167 parts of a 
60% aqueous solution of 1-hydroxy ethylidene-1.1-diphosphonic acid ("DICEST #2010. tradename, manufactured by 
Monsant Japan) was dropwise added over a period of 30 minutes by means of a dropping funnel, and stirring was con- 
tinued for one hour. The mixture was transferred to an evaporator and concentrated under reduced pressure to obtain 
f ;Sf QUld (a SOlUt ' 0n °' 3 m0dified amino resin E) having a solid content of 60 8 % a"d a viscosity of 26 stokes 

(31 25 C). 

PREPARATION EXAMPLE 6 *• 

Preparation of a modified amino resin from ethyl enedia minete t ra f m eM enephosnhnnin grid) and a mplamjne-aldehvdg 
addition cortdensatP 

Into a flask equipped with a stirrer and a reflux condenser. 2500 parts of deionized water, 126 parts of melamine 
and 37.5 parts of 80% paraform were charged, then heated to 1 00°C and maintained at that temperature for 30 minutes 

t^r^r^t^ 0 " condensate of me,amine - 121 P** of ethylenediamine tetrafmethylphosphonic 
acid)( DICEST #2041 . tradename, manufactured by Monsant Japan) was added over a period of 30 minutes with stir- 
ring and stirring was continued at 100°C for one hour. The mixture was cooled to room temperature, and a formed 
white resin precipitate was washed with deionized water repeatedly until the pH of the filtrate became neutral After the 
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Oration, the precipitate was dried at 1 1 0'C to obtain a modified amino resin F as a white resin powder. The yield was 
PREPARATION EXAMPLE 7 

Preparation of a compound of l-hYdroxvethylidene-l l-riinhnsp honic add with a T hiamins r»sin 

M 8 !5S t? " ipp f a sfi,rer and a ref,ux denser. 500 parts of butyl cellsolve was charged, and then 340 
pam of a 60% butano. solution of a butylated melamine resin ("Yuban 28-60". tradename, rnanufadu^ by Miteui 
Toatsu Chemical Ca.Ltd.) was dissolved therein with stirring. This solution was heated to 80'C. and 1 67 pa^ of a 60^ 
aqueous so.ut.on of 1-hydro^ethylidene-l.l^phosphonic acid ("DIGEST #2010". tradename manufecX by Z 
sant Japan) was dropw.se added thereto overaperiod of 30 minutes by meansof a dropping lunrwl. WlaJbi^^ 
for one hour. The mixture was transferred to an evaporator and concentrated under J^pmmt^SZ 
^ parent hqud (a solution of a modified amino resin G) having a solki content of 59.6% and a visc^of « IkS (at 

PREPARATION EXAMPLE 8 

20 SSSL^ m0dffi6d amino resin frnm n-butylaminofmPthylen eoh^hnni. acjd) and a m^mjne^hydg *<™- 

and iTsnlS k ^ Ped T 3 3 O0nd8nser ' 2500 parfs of deionized 126 P** of melamine 

T^Tf^T^ ^ T rQed ' *™ ^ ,0 1 °°° C and maintained at that temperaSre for 30 minutes 
« f u , yde add,t0n condensate of melamine. Then. 250 parts of a 50% aqueous solution of n- 

aM^^^^ ™ ° V6r 3 Pen0d °' 30 minUteS With - * *" was tlnui 

2L 5 . mnrture W3S cooled t0 room temperature, and then a formed white resin precipitate was 

dried at 110°C to obtain a modified amino resin Has a white resin powder. The yield was 98.1%. 

30 EXAMPLE 1 

♦ J^ tS Of the I**?* 1 ami "° resin A> 40 parts of an alk y d resin varnish ("Beckozol J 557'. tradename manufac- 

TuT^ S ? y ? 3 ba " mi "- 7hea 15 partS ° f ,he idenWied varnish «* 3 parts of an additive 
such as a drying agent, were further added to obtain a coating material. <="w'«ve 

The particle size of the obtained coating material was measured by method A of JIS K-5400 and found to be 5 urn 
This coating material was coated on a degreased and polished soft steel plate by an air spray gun so that the dried film 
thickness would be 35 ,m. followed by natural drying for seven days. With respit to the boated plate a salt sp"ay m 
and a moisture resistance test were carried out. The results are shown in Table 2 
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EXAMPLES 2 to 10 



1 JOH ^ 3 T P0Siti 4 ° n 38 id6ntified in Tab ' e 1 ' 3 COating material was Dre ° ared in *• same manner as in EXAMPLE 
45 Table 2 9 9 ™ 9 C0at6d P ' ate W3S PrePar6d a " d SUbj6Cted to 1,16 tests 106 results are shown ^ 



EXAMPLE 11 
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15 Parts of the modified amino resin A. 40 parts of an acrylic polyol varnish("Acrydic A-801" tradename manufac- 
tured by Daimppon Ink Chemical Industries. Co. Ltd.), 15 parts of rutile titanium oxide. 10 parts o xyloTand K Tparte of 

52^25? T ^ 10 h ° UrS by m6anS 01 9 ba,lmilL 10 « ° f ■» above-Wenti/ed varnish wa J- 

ther added to obtain a main agent. The particle size of the obtained main agent was 5 nm 

noJrt Pa T ° f the mai " a9ent> 187 P 31 " 15 01 3 curina a 9 ent so,ution f 40 P 3 ^ of a polyisocyanate com- 

pound Sumuule 75". tradename, manufactured by Sumitomo Byer Urethane KK) and 40 parts of butyTacetate]^as 

nZTrT^T" ! materiaL 7,16 ViSCOSity ° f 4,118 COatina ma,erial was ***** b y ^i-ig 25 parts of xylene 5 

\ a T *Z* 5 ^ ° f 6thy1ene 9lyC °' m0n06tnyl 6,her ace,ate ' and *« « ooated plate was prepared and 
subjected to tests in the same manner as in Example 1 . 
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EXAMPLE 12 



_ 'L^* 0 ! * 6 1 T^ lfl ? amino resin A ' 45 P 3 * 5 of » alk V d ^in varnish ("Hitaroydo 235-50". tradename, manu- 
factured by Hitachi Kase, Kogyo KK). 15 parts of ruble titanium oxide and 7.5 parts of xylol were kneaded for 10 hours 

LTrLli^r J?^ I 2 5 ° f 3 me ' amine reSin rEban 208 w - rename, manufactured by Mitsui 

!T P^' ° ^ PartS ° f n " bU,an °' W6re further added t0 obtain a "^nfl ma,erial - ^6 Particle size of 
the obtained coating material was 5 jim. 

mn ™!c ? C ° Sity £ ooafin ? material was ad i usted ^ an addition of 1 5 parts of xylene and 5 parts of n-butanol. par 
100 parts by weight of the coating material. Then, the coating material was coated on a degreased polished soft steelp 

?S5 i Un ,n° that t th6 ^ ' thiCkn6SS W ° Uld be 35 Mm - to fo ' 2 0 minutes and 

then baked at 120°C for 30 minutes to obtain a coated plate, which was subjected to the tests. 

COMPARATIVE EXAMPLE 1 ~ 

i ■ A 22"? i mterial . Wa8 PrePared ' 3nd 3 COat6d P ' ate WaS prepared and tested - in the 83016 a * * Example 

i except that 5 parts of condensed aluminum phosphate was added instead of 5 parts of the modified amino resin A 
I ne results are shown in Table 2. 

COMPARATIVE EXAMPLE 2 

1 A C ^ T ateria ' W3S Prepared> and 3 coated plate was pre P ared and tested - in tha same manner as in Example 
except that 5 parts of a calcium phytate powder (manufactured by Mitsui Toatsu Chemical Co.Ltd.) was added 
instead of 5 parts of the modified amino resin A. The results are shown in Table 2. 

25 COMPARATIVE EXAMPLE 3 

, a A coa * in ? ™ terial was P fe P ared . and a coated plate was prepared and tested, in the same manner as in Example 
3 except hat 25 parts of the above calcium phytate powder is added instead of 25 parts of the modified amino resin A 
me results are shown in Table 2. 
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As is evident from Table 2, the coated plates of the Examples wherein the coating compositions of the present 
invention were used, were excellent in the corrosion resistance, and the flow of rust fluid was not remarkable, and the 
coating film defects such as blisters were not observed. On the other hand, the coated plate of Comparative Example 
1 wherein a condensed aluminum phosphate as a conventional rust preventive agent was incorporated in the coating 
5 material, was excellent in corrosion resistance, but the flow of rust fluid was remarkable. Further, in Comparative Exam- 
ples 2 and 3 wherein a polyvalent metal cation salt of phytic acid was incorporated in the coating material, if the amount 
of said salt was small, the flow of rust fluid was remarkable, and if it was large, many blisters formed. 



Table 1 (1) 
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Components of coating 
material 


Examples 
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Alkyd resin varnish 


40 


50 


50 


50 


50 
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50 


50 


50 


50 


Modified amino resin A 
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15 


25 
















Modified aminn rp^in R 

iwiuumicu aii in \\j i coil i o 
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Modified amino resin C 










15 












Modified amino resin D 
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Modified amino resin E 
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Modified amino resin F 
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Modified amino resin G 
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Modified amino resin H 
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Titanium oxide 
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Mineral spirit 


22 


17 
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17 
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Additive 
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3 
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Components of coating material 


Comparative 
Examples 




1 


2 


3 


Alkyd resin varnish 


40 


40 


50 


Condensed aluminum phosphate 


5 






Calcium phytate powder 
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25 


Titanium oxide 


15 


15 


15 


Mineral spirit 


22 


22 
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Additive 


3 


3 


3 
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Table 2 (2) 



Tested items 


Comparative 
Examples 




1 


2 


3 


(1) Rust width at cut section 

(2) Flow of rust fluid 

(3) Blister other than cut section 


O 

X 

O 


A 

X 

0 


O 

o 

X 


Moisture resistance test *2) 

•■1X1- i - . . _ 


O 


O 


X 
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w v ' ^'^UU. L/TOSS 

cut was imparted to an upper half of the coated plate 

whereupon a salt water was sprayed for 120 hours ' 

(1 ) Rust width of cut section (width of rust progressed 
from cut section) 

O : Within 2 mm on one side 
a: From 3 to 4 mm on one side 
X: More than 4 mm on one side 

(2) Flow of rust fluid (the distance of the flow of brown 
rust fluid from the lower end of the cut section) 

O ' Within 10 mm 
a: From 11 to 29 mm 
X: At least 30 mm 

(3) Blisters other than cut section 
O • No blisters observed 

a: Blisters slightly observed 

X: Blisters substantially observed 

*2) In accordance with 5.18 of JIS K-5652 

O • No abnormality observed 

a: Blistered area: less than 10% 

X: Blistered area: at least 10% 
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Claims 

40 1 ' SSSc^ ' ^ * C ° mainS 3 C °^ nd «*" * -ting an an.no resin with an 
2- The coating composition according to ciaim wherein the organic poiyphosphonic aad is 

(1) a hydroxy-alkylidene-1.1-diphosphonic acid of the formula (i): 

R 1 -C(OH)[PO(OH)2] 

wherein R 1 is a monovalent organic group- 

(2) an amino compound having two methyienephosphonic acid groups, of the formu.a(ii,: 

R 2 -N[CH 2 PO(OH) 2 J 2 

wherein R 2 is a monovalent organic group- 

(3) an alkylenediaminetetra(methy1enephosphonic acid) of the formula (iii): 

[(OH) 2 OPCH 2 ] 2 N-R 3 -N[CH 2 PO(OH) 2 ] 2 
wherein R 3 is a C,. 12 alkylene group; 
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(4) an aminotris (methylenephosphonic acid) of the formula NrCHgPOfOH)^; 

(5) a cfialtyenetriaminepentafmethylenephosphonic acid). 



or 



The i coating composition according to claim 2. wherein R 1 in the formula (i) is a C, alkyl group and in the ter 
mula (ii) is a n-propyl group, an isooroovl aroun a nrn , ^ , ^ 1 ' ._ 112 ^ 9 ° Up> 3na R In ,he for - 



i n-propyl group, an isopropyl group, a butyl group or a hexyl group. 



6 ' f™mToto g 3 C 0°o n r' ti0n aCC ° rdin9 10 ^ °' C ' aimS 1 10 5 ' Wherein *• «*» *- a molecular weight of 

' -==51- - z 



